Abstract-Stereoscopic video as the simplest form of 3D video is already being used in consumer devices such as 3DTV and 3D mobile phone. When the 3D video from the 3D mobile phone is compressed and transmitted over error prone channels, error propagation due to packet loss leads to poor 3D visual quality. The objective of the paper is to provide error resilience 3D video using the well known multiple description coding (MDC) technique. Specifically, the MDC is modified for 2D plus depth stereoscopic video with the addition of spatially reduced resolution of the side information. The proposed method reduces the depth bit rates and consequently: 1) improves their rate distortion, particularly at higher bit rates in error free channels; and 2) improves their performance in ideal MDC channel.
INTRODUCTION
Lately, 3D video enabled devices have received significant attention from consumers and researchers due to the advancements made in video coding and display technologies [1] . The 3D perception allows users to feel the presence of the persons they are communicating with or be truly immersed in the event they are watching. 3D video is mainly being used in entertainment applications such as in cinema and recently the 3DTV and mobile 3D devices [1] . When 3D video is compressed and transmitted over error prone channels, error propagation due to packet loss leads to poor visual quality. Hence, error resilience techniques for 3D video are needed. Multiple Description Coding (MDC) is an effective way to combat burst packet losses in wireless and Internet networks. MDC is a promising approach for video application where retransmission is unacceptable [2] . MDC divides a source into two or more correlated layers. This means that a high-quality reconstruction is available when the received layers are combined and decoded, while a lower, but still acceptable quality reconstruction is achievable if only one of the layers is received. Hence, with 3D video MDC, users can have a 3D visual communication system that is robust to packet losses.
Several MDC methods have been proposed in the literature. One of the most popular one is the multiple state video coding (MSVC) proposed in [3] . This method splits the input video into sequences of even and odd frames, each being coded as an independent description.
The stereoscopic video is the simplest form of 3D video and can be integrated into communication applications using existing video technologies. In this paper, the MSVC technique with side information is used to produce the MDC streams for the stereoscopic 3D video. Other MDC types are potentially more efficient, but MSVC is computationally simple, and standard compliant bit streams can be produced. It also introduces no mismatch when only one of the descriptions is received because the decoder uses the same prediction signal as the encoder for each generated description.
The rest of this paper is organized as follows. A brief review of multiple description 3D video coding algorithms is presented in Section II, followed by the proposed MDC for stereoscopic 3D video in Section III. The performance of the algorithms is investigated through simulation in error free and ideal MDC channels in Section IV. The paper is finally concluded in Section V.
II. OVERVIEW OF MULTIPLE DESCRIPTION CODING FOR 3D VIDEO
In case of 3D video, MDC schemes were proposed for 3D stereoscopic left and right views in [4] using spatial scaling and multi-state coding. Other MDC schemes which take advantage of encoding a source transmission over multiple channels have been used in [5] . This implores a novel MDC technique with side information for 3D video based on the even and odd frames. The redundant side information consists of the difference between the interpolated frame and the locally reconstructed frame that can be quantised, hence, the redundancies can be controlled by the quantisation parameter. This is then extended in [6] using Bi-directional frames (Bframe) coding technique to achieve reduced variable redundancies.
In [7] and [8] , scalable MDC are proposed for the 2D plus depth format stereoscopic video. The method is then improved using motion interpolation and applied to 2D video in [9] . In [10] , the method in [6] is extended to improve the performance of stereoscopic video transmission in error free and error prone condition using adaptive side information. In this paper, the work in [10] is extended to include the side information for the depth using reduced I-frame depth resolution.
III. PROPOSED METHOD
The proposed MDC with side information for stereoscopic 3D video is built base on the reduced resolution depth compression (RRDC) method proposed in [11] with combination of scalable MDC proposed in [7] . The block diagram for the proposed method is shown in Fig. 1 . Scalable video coding (SVC) encoder namely the SVC-MDC encoder in [7] is used to encode the colour and depth information. The main information is the even and odd frames. Fig. 1 shows the even and odd frames (main information) and side information for the depth only. The colour part is not shown as it follows the original configuration in [7] . To reduce the amount of side information, the side information for both even and odd frames is spatially down-sampled from the original depth image sequence. The main information and the side information have to be generated before passing them to the SVC-MDC encoder. Hence, pre-processing that involved spatial down-sampling for the side information and temporal down-sampling of the main information into even and odd frames is needed. The side information for the even frames contains the down-sampled version of the original odd frame and vice versa for the odd frames. It is proposed to encode the side information using all intra frame technique to preserve the picture quality as the side information will have to undergo up-sampling process at the decoder in the case of only one stream is received. In Fig. 1 , stream 1 contains the even frames and its side information and stream 2 contains the odd frames and its side information. 
IV. RESULTS AND DISCUSSION
Orbi, Interview, and Cg test sequences with spatial resolution of 352x288 are used in the simulation. The test sequences include both, color and depth information. The depth information for the side information is down-sampled from the Common Intermediate Format (CIF) 352x288 spatial resolutions to Quarter Common Intermediate Format QCIF (176x144) spatial resolution. The JSVM software [12] is used in the simulation for the SVC. Six layer configurations is used in the simulation as shown in Table I due to the fact that the SVC spatial scalability does not allow the enhancement layer to send video at lower spatial resolution than the base layer as mentioned in [7] .
In Table I , the SVC-MDC encoder with even and odd frames is names as SVC-MDC-EO. The proposed SVC-MDC encoder with side information is named as SVC-MDC-EOS. The side information for the depth in SVC-MDC-EOS is coded at 176x144 resolutions in layer 0 and layer 2 as shown in italic in Table I .
A. Error free environment
In order to evaluate the coding performance of the proposed SVC-MDC-EOS encoder in error free environments, we plotted the depth rate distortion curve for the Orbi, Interview and Cg image sequence in Fig. 2 to Fig. 4 respectively. The quantisation parameter (QP) in the configuration file is varied to obtain the bit rate range shown in the rate-distortion curves. The rate distortion curves show the image quality measured in PSNR (Peak-Signal-to-Noise Ratio) against the resulting bit rate when both of the MDC streams are received in error free, also known as central distortion. It can be seen that SVC-MDC-EOS performs better than SVC-MDC-EO at certain bit rate ranges. For Orbi test sequence, Fig. 2 shows that SVC-MDC-EOS has higher average PSNR than SVC-MDC-EO starting at about 1000 kbit/s. Fig. 3 shows that SVC-MDC-EOS performs better than SVC-MDC-EO at bit rates higher than 1800 kbit/s for Orbi image sequence. SVC-MDC-EOS has higher average PSNR than SVC-MDC-EO at bit rates above 300 kbit/s for Cg image sequence.
B. Ideal MDC Channel
In this experiment, it is assumed only stream 1 or the even MDC streams are received by the decoder. It is also assumed that the side information in the even stream is received. The SVC-MDC-EO decoder reconstructs the full sequence using only frame interpolation of the depth sequence while SVC-MDC-EOS decoder uses the side information to reconstruct the full sequence. Specifically, SVC-MDC-EOS up-samples the side information and insert them in the even MDC stream. 5 and Fig. 6 shows the resulting frame PSNR for SVC-MDC-EOS and SVC-MDC-EO respectively when only stream 1 is 
V. CONCLUSION
In this paper, the multiple description coding with side information (SVC-MDC-EOS) is proposed to provide error resilience for 2D plus depth stereoscopic 3D video. Specifically, the depth side information is spatially downsampled and sent together with the main MDC stream. In the event of only of the MDC streams are received, the depth side information is up-sampled and inserted into the received stream to construct the full sequence. Simulation results in error free condition indicate the superiority of SVC-MDC-EOS over the original SVC-MDC-EO particularly at higher bit rates. In the ideal MDC channel, the up-sampled frame of the SVC-MDC-EO is about 10dB better (for Orbi sequence) than the interpolated frame in SVC-MDC-EO. Aver r erag ag g g g g g g a e e e e e e PS PS PSNR N (dB)
